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In this paper, to employ a wire-driven parallel mechanism as a suspension system 
for low-speed wind tunnel tests, based on comprehensive analysis of the domestic and 
external theory research and application of wire-driven parallel mechanisms, the key 
technical issues of the kinematics, time-varying wires structure, dynamics, dynamic 
stiffness and vibration characteristics are discussed and studied deeply, and 
these studies are validated by dynamic wind tunnel tests. 
A detailed theoretical analysis for inverse pose kinematics of WDPSS-8 is made, 
and the length expressions of wires used for precise control are got. Based on a 
motion simulation model of WDPSS-8 established, forward pose kinematics is 
analyzed. 
For a issue of wire interference narrowing workspace of WDPSS-8, the concept 
of time-varying wires structure of the wire-driven parallel mechanism is proposed. 
The equation of motion of the time-varying wires structure is built. A theoretical 
calculation model for interference between wires and a mobile platform have been 
presented. The two motion laws of hinge points are planned. Two time-varying wires 
structure schemes by controlling movement of hinge points to solve the interference 
are designed. The simulation results demonstrate that interference can be avoided in 
the wire-driven parallel mechanisms with time-varying wires structure, and the 
workspace of the mobile platform may be enlarged. The time-varying structure of the 
prototype is verified by testing. 
Dynamics of WDPSS-8 is analyzed. A Jacobi matrix of WDPSS-8 based on the 
form of attitudes is deduced. A complete dynamic model of WDPSS-8 is built. 
Optimized design and analysis for initial pretightening force distribution of wires is 
made. According to dynamics of WDPSS-8, the sizes of driving force introduced by 
sliders’ quality and the mobile platform’s quality and moment of inertia are computed. 















component in the system can not be ignored when motion control model is 
established. 
Based on a deduced stiffness expression of WDPSS-8, the effect of internal force 
coefficient on the stiffness of the parallel mechanism is discussed. Change rule of the 
translational stiffness and rotational stiffness of the mechanism along with change of 
attitude angle is given. Dynamic stiffness of the proposed two time-varying wires 
structure schemes is analyzed, the change rules of stiffness of time-varying wires 
structure is got. A vibration equation of WDPSS-8 is derived, and the natural 
frequencies are determined. A vibration differential equation of wires is built, and 
vibration displacement response curves of wires are acquired.  
Finally, WDPSS-8 employed as model suspension is used for wind tunnel tests. 
Calculation principles of dynamic derivatives are given. The above studies is verified 
by wind tunnel tests. According to the acquired wire tension data, aerodynamic 
parameters and dynamic derivatives of an airplane is got. The experimental results 
demonstrate that the wire-driven parallel mechanism used as model suspension in 
wind tunnel dynamic tests is feasible. 
This research work has provided a theoretical and practical basis for the 
wire-driven parallel mechanism used in wind tunnel tests. It has provided a reference 
for the application of the wire-driven parallel mechanism in other areas. 
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